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Invertebrate Allorecognition: The Origins of
HistocompatibilityAlloimmune specificity and histocompatibility, driven by genetic
polymorphism, are ancient determinants of self-/non-self-recognition. Recent
molecular genetic evidence has revealed an allodeterminant in the cnidarian
Hydractinia that consistently predicts histocompatibility reactions.Larry J. Dishaw and Gary W. Litman
Early work on mammalian tissue
transplantation has helped shape our
modern concepts of immunological
self-/non-self-recognition. The origins
of allogeneic, as well as xenogeneic,
immune-type recognition can be
traced to the earliest metazoans. Most
modern forms of these species spend
at least a portion of their lives as sessile
organisms in which they inhabit
densely populated environments and
aggressively compete for space [1].
The Mendelian inheritance of the
recognition and rejection of ‘natural’
transplants is well established [2,3],
and the biology and molecular
determinants governing this process
continue to be of considerable interest
[4,5]. In this issue of Current Biology,
Nicotra et al. [6] describe a specific,
polymorphic allorecognition protein
in Hydractinia symbiotongicarpus
(Cnidaria: Hydrozoa) at the alr2
locus that predicts fusion/rejection
responses and adds a new chapter
in our understanding of the evolution
of metazoan histocompatibility.
Despite the clarity of the findings
reported by Nicotra et al. [6] and of
other work in this area [7–9], defining
allorecognition determinants has in and
of itself had an interesting evolution.
For well over two decades, various
investigators unsuccessfully sought to
explore genetic links between products
of the major histocompatibility
complex (MHC) — the primary
determinant of tissue transplantation
outcomes in jawed vertebrates — and
potentially homologous structures in
invertebrates, using both molecular
genetic screening and computational
methods. As the function of various
families of MHC receptors became
clearer, the merits of these approaches
became far less compelling. Products
of the MHC loci function in a wide rangeof immunobiological phenomena;
for example, MHC class I and class II
molecules play an integral role in our
immune system by presenting peptide
antigen to somatically derived, highly
specific receptors on T lymphocytes.
The extraordinary polymorphism
and high-density expression on
the cell surface of these receptors,
which are confined to jawed
vertebrates, make MHC molecules
natural allodeterminants — the role
of MHC class I molecules in
transplantation dynamics is secondary
to its function in the adaptive immune
response [10,11].
At the same time that searches
were on for MHC orthologs outside of
the vertebrates, several laboratories,
including that of Leo Buss, one of
the authors of the new paper [6],
were questioning if any relationship
exists between the phenomenon of
allorecognition in species such as
Hydractinia and the histocompatibility
revealed by tissue grafting studies
in mammals [12]. Although it was
advances in molecular genetics and
genomics that opened new avenues
for identifying and characterizing
histocompatibility determinants
in invertebrates, the discovery of
their genes had its origins in the
interpretation of their patterns of
inheritance in several key organisms
[7,9,13,14]. The compelling biological
and genetic observations made
earlier in Hydractinia [7–9] are entirely
consistent with the principal
molecular conclusions reached
by Nicotra et al. [6].
Asexually expanding polyps, in
Hydractinia and other cnidarians, or
zooids, in protochordates such as
Botryllus, are joined by gastrodermal
or vascular-type canals and enveloped
in a common encrusting tissue. When
the leading edge of two asexually
expanding colonies comes intocontact, projections of the colonial
tissue, termed stolens in cnidarians or
ampullae in Botryllus, interact. In some
invertebrates, such as Botryllus and
Hydractinia — but not others, such as
Hydra [15] — allogeneic transplantation
leads to rejection, while autografts
fuse permanently. In certain colonial
forms, however, partial (albeit rare)
genetic compatibilities lead to
intermediate or incomplete fusion/
rejection reactions (Figure 1).
Allorecognition in Hydractinia is
associated with at least two
histocompatibility loci, alr1 and alr2.
Individual Hydractinia that share one
allele at both loci (rr/rr x rr/rf) will
undergo fusion during which
colonies become chimeric and share
vasculature. In contrast, if no alleles
are shared in common (rr/rr x ff/ff),
a rejection response occurs, which
is marked by several characteristic
responses: a failure of ectodermal cells
to adhere; nematocyst discharge (in
cnidarians); extension of hyperplastic
tissues; and necrosis at the contact
zones. Thus, transplantations can lead
to fusion or rejection, and in some
cases partial fusion in which colonies
fuse and shortly thereafter separate
(Type I transitory fusions) or partial
rejections in which the animal cycles
between fusion and rejection (Type II
transitory fusions) [8]. Transitory
fusions appear to be associated
with multi-loci allorecognition [9,14]
in which allele frequencies can be
modified by crossover events [8].
Multi-locus histocompatibility
systems are not limited to Hydractinia,
as a diversity of allogeneic rejection
responses also has been noted in
corals [16,17]. By contrast, only
fusions or rejections are seen in
Botryllus, in which histocompatibility
appears to be controlled by a single
highly polymorphic locus, termed
FuHC [18].
Analysis of the region of the
Hydractinia genome corresponding
to the alr2 locus led Nicotra et al. [6]
to a coding sequence CDS7, which
seemed a good candidate for being
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allodeterminant associated with
histocompatibility reactions in both
laboratory-derived and field-collected
colonies. CDS7 encodes a putative
transmembrane receptor with three
extracellular domains, exhibiting
some similarity with immunoglobulin
superfamily-like molecules. The
amino-terminal structural domain of
CDS7 is longer than an immunoglobulin
I-type domain and exhibits extensive
polymorphism (Figure 1). Furthermore,
certain canonical residues are missing.
The qualified interpretation offered by
the authors for this predicted structure
is that it represents a divergent V-type
gene. Such assignments are not
insignificant as immunoglobulin-like
domains, as with leucine-rich repeats
and lectin-like domains, are commonly
mobilized as units of immune
recognition, providing highly efficient
scaffolds for genome innovation in the
host-pathogen battleground and like
MHC may relate to historecognition
indirectly (see [19]).
Notwithstanding its actual physical
character, which will require definitive
analysis at the structural level,
Nicotra et al. [6] found that
polymorphism in the first domain
of CDS7 is an obligatory element of
histocompatibility, as evidenced by
screening of field-collected colonies
and characterizing their ability to
fuse to laboratory inbred lines. Of
over 1,000 crosses examined, only two
failed to reject. One of these colonies
underwent a type II transitory fusion
with an f tester colony, which is
consistent with it possessing an f-like
allele at the alr1 locus. The other
colony (LH82) underwent a type I
transitory fusion with the f tester
colony, which is consistent with
an f-like allele at alr2. PCR data
confirmed that this colony was
identical to the f tester allele over
the first (recognition) domain. LH82
was backcrossed and subsequent
results collectively indicated that
CDS7 predicted fusion/rejection.
Collection of additional data is
warranted to further explore how
polymorphism in the first domain of
CDS7 relates to allorecognition.
A compelling biological advantage
for the polymorphisms that govern
histocompatibility has been invoked
for colonial invertebrates. Specifically,
fusion of two or more conspecifics
can lead to chimerism, which in turn
can result in somatic (and stem cell)FusionA
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Figure 1. Allorecognition in a cnidarian.
(A) Historecognition phenotypes in Hydractinia. Polyps are shown joined by a gastrovascular
system (lines running through the colonial tissue; see text for details). Fusions, rejections or
transitory fusions, which do not form stable chimeras, are determined by a pair of loci (r and
f alleles in this example). (B) Transitory fusion is associated with polymorphism and haplotype
recombination at two loci of the alr gene complex (illustrated by a reciprocal exchange), making
chimeric fusions very rare. (C) Analysis of transitory fusions contributed to the identification of
CDS7, a membrane-anchored protein possessing three extracellular domains in which the
amino-terminal domain is hyperpolymorphic, as a determinant of allorecognition. Asterisks
denote limited polymorphism; open star denotes extensive polymorphism.parasitism in which population
diversity can be rapidly eroded. It is
highly likely that allogeneic recognition
may have evolved as a means to
protect the genetic integrity of self,
thereby maintaining population
diversity [5,10,12].
With this new report [6], three major
animal groups are now seen to exhibit
different modes of histocompatibility.
The answer to the question as to
whether or not homology exists in
disparate histocompatibility systems
appears to be no. It also is equally
unlikely that these are the only
mechanisms of allorecognition yet
to be defined. Other molecules have
been implicated in protochordate
allorecognition, some of which
suggest interconnectivity to innate
immune defenses [4]. Notably, not
all invertebrates are responsive to
allogeneic differences [16]. In the
solitary freshwater hydrozoan, Hydra,
allorecognition does not lead to
rejection [15]; presumably it lacks
allorecognition determinants of the
types recognized above. Immunity to
pathogenic threat in this species hasbeen demonstrated directly at the
ectodermal layer, involving specific
and regulated induction of innate
immune responses [20]. In this case,
a solitary lifestyle (no encrusting
colonial tissue) may have allowed
for the secondary loss of
a histocompatibility effector system.
The interplay between diversity
of histocompatibility systems,
recognition specificity, and innate
immunity is becoming increasingly
clearer and provides an important
chapter in our understanding of
self-/non-self-recognition systems.
The lineage-specific innovations
in allorecognition exemplified in
cnidarians, protochordates, and
vertebrates are a harbinger of the
extraordinary diversity of form that
effects a similar general function.
The mechanisms whereby the genes
governing histocompatibility are
diversified and stabilized in the
population represent fascinating
models of evolutionary adaptation and
selection. Their study is likely to yield
insights far beyond histocompatibility
as a natural process.
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DOI: 10.1016/j.cub.2009.02.035geometry and lighting. Moreover, the
effects of context are not unique to
color, and strongly influence many
perceptual judgments [11].
In the new study by Wollschlaeger
and Anderson [1], color appearance is
manipulated by adding cues that cause
the target to be perceived through
a partially transparent filter (Figure 1).
This generalizes recent work by
Anderson and Winawer [12,13] with
grayscale images, and suggests that
common principles are involved for
both lightness and color. The
perception of transparency has been
widely studied and is not as rare in
viewing as one might think, for it is
closely related to seeing through cast
shadows, and may blend seamlessly
with occlusion [13], where a surface
completely screens the objects behind
it. Even in occlusion there is evidence
that the visual system works from
a representation of the hidden surfaces
[14,15]. Thus it is plausible that in
transparency we decompose the color
and lightness at a single point into
separate ‘layers’ that can represent
different surfaces and illuminants.
These layered percepts are
accentuated in the new work by
a clever twist — the opacity of the
transparent layer is not uniform, but
instead varies continuously across the
image. According to the authors [1],
this leads to strong induction effects
